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ABSTRACT

Northern Nigeria has a w de range of

rai nfall
condi ti ons,

varying from an average annual rainfall of

60 inches in the southern-nost parts to 15 inches in

the extrenme north. 1In all cases precipitation occurs

during only limted portions of the year and during the
dry season,

crop cultivationis virtually at a stand-
still.

OnM ng to the ever-present problemof a short-
age of water in nost of the rivers in Northern N geria

and the increasing demand for food and fi bre,

it 1Is
essenti al

to tap the groundwater supplies as this is
the largest avail able source of fresh water on earth.

The object of this study is to determne
(1) the existence and extent of groundwater inaa
river basin,

(i) the theoretical and practical yield of shallow

wells situated in a dry river bed,

(iii)

the effective nethod of retaining banks in
such wel | s
(iv)

the suitability of the water and land for

irrigation practices,



(v) reliable and inexpensive nethods of raising
the water for irrigation purposes, and

(vi) whether such a project is economcally de-
si rabl e.

The area chosen for the study is the Kubanni R ver
Basin which lies alnmost in the centre of the Loess Plain
soils- Map I. The Loess Plain soils are reputed to be
very excellent agricultural land as they are forned by
infilling of fine eaolian drift on a sedentary iron pan
penepl ain. The whole of Zaria Province, southern parts
of Katsina, Kano and snaller areas adjoi ning Sokoto and
Niger are areas inthis soil unit.

The results of this study nay be reliably used in
those areas nentioned above and all other simlar areas
in Ngeria wthout the necessity of having to make ex-
pensive trial s.

The met hods of measurenment and anal ysis are dis-
cussed in the text. It is shown that for irrigation
purposes the quality of water fromthe shal | ow excava-
tioninthe river bed, rather than the quality, proves

the limting factor.
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PART X
EYVIROWMENTAT, 8TUDIXS
1.1 Introduction:

Catchment areas generally form the units which are
selected for hydrological study. Hydrologicsl studies are
of great value in solving practically zll prohlems of water
supply, whether it be the prediction of flood peaks, the
determination of low flows of rivers and the capscities of
groundwater aquifers which could be utilised for irrigstion.
Irrespective of the ultimate objective of the hydrological
study, the bgsic apprcach is to evaluste guantitively the
elements of the hydrological characteristics of the basin,
viz geographical pogition, physiographical features geology,
climate, vegetation and agriculture. Such a detailed know-
ledge of the enviromental fuctors in essential if the op-
timam development and utilization of any agricultural arca
~is to be achieved.

1.2 QGeographical position

The River Xubammi Basin which forms the snbject of
this analysis is situated within the southwest guadrant of
the half degree Zaria Sheet 102 - cobtainable from Northern
Nigeria Survey Department, Keduna, It is bounded by
Longitude 7° 35'% and 7° 45'E and Tatitude 14° 5'N and

o

11

|
|
|
12'N., This is in the semi-arid region of MNigeria. i
|



The elevation ranges from 2,000 to 2,400 feet above sea
level - Map I
1.3 Physiograephical features

MAP IT shows the topographical contour of the area, the
rivers and streams, wells, and the groundwaters contour. The
total catchment basin covers an area of approximetely45 square
miles. Three main topographical characteristics are pro-
minent in the basin, namely:
(i) The River Valley: The valley is a shallow depression to
the north-west of the city of Zaris and the River Kubanni is
characterised by a slug/;ish, meandering water coursc and origi-
nates in the Samaru highlands. It is essentially & flood
conveyance channel to the main River Galma. Shortly after
a sizeable amount of rainfall, the Tlood rises to a level of
about 3 feet; otherwise thc flowv depth during the rainy sea-
son is usually below 1 foot. The river bed is between 2,000
and 2,050 feet nbove nean s8eca level. The river bed surface
dries off completely during the months between October to
April.
(ii) The Fertile Plateau: The platenu forms part of unde-
fined banks of the River Kubanni and is occassionally inter-
upted by gorges and low resistance escarpments, Tt appcars
in patches along the river bank, within an e¢levation of bet-

ween 2,050 and 2,100 feet.



(1i1) The Highlands: These are in the range between 2,100
and 2,400 feet shove mean sea level and are mostly eroded,
The uplands are dotted by esyumetrically shaped hills sand
inselbergs, such as the Kufena Hill,

The three topegrephical characteristics deseribed
above -- the Valley, the Platesu, and the Iighlands - are
common to the catehment basins of most rivers overlying the
crystalline beasecnent complex rocks of Wigepia (see tap 1),
llost of these rivers are cither dried up during the dry sea-
80n or contain strings of smali Pools along their beds.
1.4 Geological review

The area is underlain by the erystalline rocks of the
Pre-~Canbrian Basement Complex composed of high grade pelifie
schists, Overlying the erystalline rocks are the decomposed
granite and gneigs schists. The overburden is fine to
nedium, grained snd Tairly incdurstea sands. The sands are
brown to brownish red and are capped at higher elevations by
patches of lateritiscad terraces. Preez (1952) described
these sands as products of Tertiary Peneplanation,
1.5 Climate

The climate of the arca falls into the Ay type of
Koppens climatic classification - Trewarths (1956). The

climatic condition of thce area may be summarised as follows



(i) Precipitation

Most of the rains supplied by conventional
storms which are of the edvance pattern and which have
an initial peak of high intensity, Vailing off into
drizzles. As is characteristic of 2 semi-arid envi-
roment, the rainfall, though not scanty in amount,
is varisble in its distribution, as is evident from
table I which gives the standard deviation and the

coefficient of variation.

TABLE I

Rainf'all Distribution

S .
Month ! Standard devia-~ | Coefficient of |
! tion (ineches hi variation % !

s
April 39 i 13.2 i

i

1 ¥
May .38 ! 6.6 !
! 1 ' H
June ! .29 i 6.2 :
H 1 i 4
] July «79 E 9.4 E
1 '
August 1,10 ! 9.9 i
] "
¥ 1
! September 0.42 H T3 H
1 ¥ 1
1 1
! October 29 i - H
L - 50 A S i A




The month is an unsatisfaciury period for use in
agricultural experiments requiring statistical aznalysis
because it varies in length from 28 to 31 days, so that
total rainfull is not directly comparable and sverage
rainfall has to be weighted.

The week is considered suitable period because
weekly totals can rcadlly be added to give seasonal,
annual and other periodic totals as required. In order
to assess long term crop riscks weekly rainfell anulysis
is made using the lamning's method of 1:1 confidence
limits of expected rainfall. The rcsults are as shown
in Pig.,1, From the curves it is evident that there is
likely to be sufficient reinfall for crop raising from
the second week in May to the end of September. \

The annual average rainfall is 4l inches some 50%
of which falls in the months of "ay-July. There is
little or no rainfall from October to April.

(ii) Temperature

The average annual temperature is about ?OOF.

The month of January can be relative cold, with morning

temperature as low as u6°F; otherwise there is little
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variation between the maximuu and minimum tempcerature
throughout the year:
(111) Seasons

Therc are two distinetive scasons: dry and wet
seasons, and the beginning of the wet season 1s defined
as the date when the cumulative reinfall Jjust maintains
evapotranspiretion (Penman cstimetes), and the end us
when evgpotranspiration is not maintained. From the the‘
analysis of more than 40 years of rainfall records and
evapotranspiraction rates for the Samaru Dam Catchment
Basin adjacent to Kubanni River basin, on 82% of occe-
sions, the wet season began in the second week of May
and ended at the ¢nd of Septembers Omolokun (19868).
The dry season includes the harmettan period during
which dews are common in the early nornings.
1.6 Vegetation

The vegetation consists of grassland, grewing in
tussocks, and of thick-barked woodland and fells within
the Northern Guinea zone of the Savannsh ~ Keay (1960).
lMiost of the river banks in this zone have vegetstion of

the rain forest type, but alony the bank of Kubani



River, this has been modified by extensivc farming, bush
burning and oanimal grazing. During the dry scason the
vegetation 1s sparsc and stunted.

Agricultural activities are restricted mainly to
the fertile parte of the Plateauw snd the HTighlands.

The major crops which are roinfed are sorghum, ground-
mits, cotton vegetables and sugar cane.

During the dry scason when the waltcr-table is suffi-
ciently high, capillary rising water and dews cover the
carly reguirements of the crops which are mostly vege-
tables. Very often, the ‘shadoof' method of irrigation
is resorted to in bringing thec crops to meturity. In
the 'shadoof' gystem, water is lifted Trom the wells in
e leather bucket with a cepacity of -1 gallon. The
lifting is faciliteted by s lever device with o clay
counter weight. The water is emptied into smell ditches
built in levees and is then applied to unit areas of
some 3 feet saquare. The cultivated crops are usuzlly
irrigated between 6.00 a.m. and 6.00 p.m.

Weak goil structures coupled with comparatively

steep slopes of the catchment basin, unsteble couili-



brium of the components of the naturanl vegetation, and
the alternation betwcen periods of fairly high rainfall
intensity and extreme desiccation, combine to render
the catchment more than usually prone to erosion.

The climatological data of the zrea are as shown

in Appendix T.
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PART I

GROUND WATER PATTERNS

2,1 Introduction

The invcstigation of the occurrcnce and movement ol
the groundwater which is to be exploited demands the
demands the study of a number of factors including the
amount of rainfall and its variability from scason to
season, water-table fluctustions, groundwater contours
and 1ts dlrection of flow. Waturally, the degree to
wiiich it will be possible to estimate resources varies
with the geological conditions under which the water
occurs, Barber ct 21 (1962) on the geological investi~ -
| gations arocund this basin pointed out that the ground-
water is contained in the supcrficial deposits or de-
composed rocks of granite or gneiss schista. The
groundwater in the superficial depogits at the lower
clevations may be up to 20 Teet decp, whilst at the
higher ground levels the water table can be as much as
80 feet below the ground surface.
2.2 Betting for groundwater study

A grid of obscrvation wells as shown in Map II were
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used in this study. Use was also made of the results
of groundwater probes by the Resistivity Method carried
out on part of the lower slopes of the basin near the
University by Ososami (1968).

The groundwater levels in the wells wcre measured
carly in the mornings using water level Indicator liodel
DR 760A which is a self contained transistorized battery
operated instbument.

A grid of rainfall gauges were installed on the
catchment to correlate the changcs in water-tablc height
with rainfall.

2.3 Results
(i) Rainy season pattern

The rise in the water-table occurs around the third
week of July when the cumuletive rainfall is 20 + 2
inches. This 20 inches is a rough mcasure of the ouan-
tity of water evaporated or transpired in the course of
the dry season, The peak of groundwater level occurs
in August almost coinciding with the peak of rainfall.
The groundwatcr level fluctuations during the rainy

season varies from 1 foot at the higher e¢levations to



8 feet near the valley. These fluctuations were mea-
sured above the dry scason level., The recession of the
watcr-table levels occurs rapidly efter the rains in
September.
(11i) Dry season pattern

During the dry scason, the vegetation is sparse
which reduces evaporation from the decper layers of the
soil profile. As such there is little change in ground-
water level throughout the dry season.
2.4 Groundwater contours

Contours arc precparcd by interpolation at 50 feet
vertical interval using the dry scason water table
levels - see Map I1. The contours are used for the
following interpretations:
(i) The groundwater forms a widespread sheet or water-
table which is gently undulating rether than horizontal
and follows, to some degrce, the ground topography.
The avcrage dry scason water-table gradient is spproxi-
mately 1.0 per cent.
(i1i) The groundweter contours present positive evidence

that there arc no barriers as therc is continuity in
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the water-table. The particle sizec distribution curve
Pig.II(a) is typical of scils below the weter-table in
wells on thc banks of the river.

(i1ii) The contours show the aress of effluent and in-~
fluent seepage. Effluent seepage takes place where the
contours are hent upstream and influent seepage down—~
stream. Comparison of the surface and groundwater con-
tours indicates the areas of effluent seepage only.
(iv) The .direction of movement of groundwater is in-
dicated by the water level gradients, being at right
angles to the groundwater contours. As observed (Map
I1), the groundwater flow is towards the river, that is
to say that the most economic way of withdrawing the
ground-water economic way of withdrawing the ground-

water is by excavations in the dry river bed.
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PART 1III
DELINEATING SUITABLE AREAS TFOR TRRIGATED AGRICULTURE

3.1 Introduction

The principal role of the scll is not only as e
foothold for man and animalg and their dwellings but
also as a support for plant structure end as a sourcc
of supply of nutrients and water for plant growth.

The geomorphology of the soil units on the higher
clevations is complex owing to various ironpan forma-
tions. 1Its upper layers arec fine grained containing
about 60 per cent of fine sand. In addition the land
surface contains many local slope irregularities in
various direcctions. The cost of bringing this area
under irrigation is prohibitive as hcavy land develop~
ment needing heavy carth moving machincry would be
inwvolved,

The platesu along the banks of the river contains
feirly uniform slopes towards the river. This strip of
land 100-1600 feet wide is occasionanlly interrupted by

gorges which act as natural drainage channels., TFor
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this study the irrigated agricultural sites are con-
fined to the plateau strip.

The primary motive, in c¢veluating the possibility
of irrigating the land is to assess its capacity to
withstand intensive irrigation without any deteriora-
tion and secondly to assess its perpetual productivity,
The suitability of the soil for intensive irrigatcd
agriculture was asscssed using a simple comprehensive
system, based on five important factors namely:

1) the soil water holding capacity

ii) depth to water-table
1ii) permeability
iv) soluble selt content

v) exchangecable sodium percentage
All the five factors may be grouped tozether as the
physical and chemical properties of thc soil.

3.2 Physical and chemical properties of the soil
(1) So0il water holding capacity:

In designing an irrigation system the engineer

nceds to know how much of the watcr in a soil is avail-

able to plants. Vater retention in the soil is a
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function of the porec size distribution of the soil,
_and may be treated as a capillary phenomencon, invol-
vihg pressure deficiency over a range of suction of
main interest in agriculture, i.e., between the field
capacity and the permanent wilting point. The pressure
deficlency constitute a Tforce capable of sucking water
into unsaturated soil - measured in atmospheres.

FPield capacity is defined as the moisture content
of a deep, permeable, well drained soil several days
.‘after a deep wetting - Israelson (1967). As defined,

- it is a point on a time Adrainage curve, i.e., it is not
an egquilibrium point but the moisture content retained
for an arbitrary time following irrigstion. As there
igs no satisfactory laboratory method for estimating
field capscity, the moisture ecguivalent technioue is
usually used as an educated guess for estimating fleld
capacity of the so0il., For all practical purposes pF
2.0 corresponds to the field capacity of the soil.

When the soil moisture available to plants iz ex-
hausted, they wilt and the permanent wilting point is

reached when the plants do not recover turgidity when
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placed in & humid atmosphere. The permanent wilting
point is widely used in irrigation ferming %o represent
the lower limit of water available to the crop. This
1imit is usually measured by the tensiometer, ss it is
the only tool available for measuring suction directly
on the field. 15 atmospheres or pP L.2 is the pressure
which corresponds to the permanent wilting point.

The available water fopr plant growth is the capil-
lary water between field capacity and the permasnent
wilting peint. Hence the available water holding capa-
city of the soil is usually determined by subtracting
the amount of water remaining in the soil at the perma-—
nent wilting point from the amount held at field capa-
city. This helps in determining the number of deys
| that can be allowed for applying irrigation water and
hence is one basis for capacity and equipment design.
(11) Depth to water-table

| Water-logged land occurs as a result of the rise
of the water~table which is due mainly to the inflow of
water in the soil by infiltration and the presence of a

heavily compacted scil or a clay sub-stratum, which
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does not allow casy natural drainage. A high water-
table within the root zone is harmful to plants as
seration of the plant actually ceases and the soil
nay become saline. Yor most irrigsted crops the root
depths are usually not more than 4 feet and the soil
with this depth must not be heavily compacted as this
restricts the root development and penetretion. The
degree of scil compaction is indicatcd by the total
porosity percentage which represents the soil space
occuplied jointly by water and air and is usually deter-
mined using the values of particle density snd the bulk
density of the soll layers,
(1ii) Permeability and infTiltration rate

Permeability is important with respect to soil and
water management as it is measure of the ease with which
water percolates through the soil mass and may be sva-
luated by observing the soll prefile and by rapid esti-
mation of texture. The infiltration rate of watcr into
the soil depends on whether the soil is permeable or
not,

Infiltration rates are important in irrigation
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practicé because by establishes tiie rate a1 vhich
water should be applied to the land and the time in-
terval between application. A common procedure for
its estimation is the use of two concentric cylinders
- with the outer cylinder serving as a guard to reduce
lateral water movement through the soil below the cylin-
ders. The unit of measurement may be exXpressed in
inches per hour.
(iv) Soluble salt content

The soluble salt content of the soil - ' de-
termines whether the soil is to be classified as el
either acidic or alkaline and determines the pH value
of the soil. Its value depends upon the amount of
. ionized or dissociated salts in the soil and its value
for a solution is a measure of the hydrogen ion (H+)
concentration, It is the Numerical wvalue of the nega-
tive power to which 10 must be raised in order to ex-
- press the required H+ concentration, or in other words
PH is the logarithm of the reciprocal of the H' con-
centration Electrometric methods are widely employed

for the determination of pH value.
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The scale of measurement is as shown in pH scale

TABIE II
u*t - 10~0, 1071, 1072, 1079
g Acid soil
pil - O, 1, 2 , 6
¥ 40

v
g Neutral soil

DH = 7!

g* - 1078, 1072, 10719, 10714 )

pH o 8’ 99 10! 114' ;

— —— - — A — ey

Alkeline soil

— -

v) Exchangeable sodium percentage

Sodium, maegnesium, calcium and potasium are the
important cations in the soil, es large amounts of
food material for the use of plants resides in the ca-
tions. The clay soil behaves as charge ion and the
exchangeable cation viz Na, Ca, Mg, K and hydrogen are
in combination with the clay. Cation exchange capa-
city of the soil is of prime importance in all studies
of the relationship between soil conditions and plant
growth as it refers to the ability of the soil to com-
bine with bases in such a manner that it cannot be

easily removed by simple leaching with water but they
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can be readily exchanged by an couivalent amount of
other bases. Exchangeable cations and exchangeable
cation capacity are determined by chemical methods as
adopted by the Salinity Laboratory Celifornie.
Exchangeable sodium percent (ESP) which is the
degree of saturation of thc soil exchange complex with

sodium is calculated as follows:

E.8.P. = Exchangeablc sodium (mcqg./100gm soil)
Cation cxchangc cepacity (meq/100gm soil)

X V00 syenernrsswererIhL)

3.3 Experimental sites

S8ix sites were randomly chosen in the study area
as potential irrigation areas - 3 sites on each bank.
A nmumber of soil samples wcre taken at each site, i.e.
(1) A 4 feet square by 6 feet decep pit was excavated
on each site.
(ii) To determine bulk denaity, perticle density and
pF determination, undisturbed samples were taken using
a 100 cm3 steel hollow cylinders. Tor mechanicel and
chemical analysis, disturbed samples in required quan-
tities were taken in polythene bags. The depth to

water-table on each sitc was contimued using a 4 inch
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auger.
3.4 Laboratory analysés

The chemical and physical analysis were carried
out following the procedures of Salinity Laboratory
Agricultural Handbook No 60 U,S. Depertment of
Agriculture,
(1) Particle size distribution

Bouyoucus method (Hydrometer) was used in the
mechanical analysis for the determination of particle
size distribution. For thc necessary chemical disper-
sion of the soil-"Calgon" - Sodium hexamcta phosphate
(NaPOh)nggéb‘ was used as the dispersion agent.
(1i) Pore size distribution

The procedure described by Varder iarst and Stock-
man using a sand tension table was followed to deter-
mine the water content a suction pressure at pF 0.4,
1.0, 1.5, 2.0. Water content at pF 4.0 was determinecd
using a "5 bar" ceramic plate extractor. The water
content at pF 4.2 was determined by a pressure membrane
apperatus with two layers of cellophane type 'PT 600'
and 2mm soil sample. pF is the logarithm of the length
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in em. of a vertical column of waitcer - 1000em high
being 1 atmospherc.
(1i1) Bulk density

This was measured using the core method with 100
cm3 cylinders.
(iv) Particle density

The standard panchrometer method was employed
under a controlled temperature using kerosene as the
displacing liquid. Under this condition, the density
of kerosene wos kept constant.
(v) Permeability

This was determined using a2 ring infiltrometer.
The two concentric pipes are 9 inches and 14 inches in
diameter. The external ring was primarily used to con-
fine the flow underncath the central pipe to a one-
dimensicnal flow con which all measurements were made,
Both cylinders were Jjackcd into the soil 8 inches deep.
3.5 Analysis of results
(1) Available water holding capacity

The available water can be calculated in a soil if

the moisture content percentage at various tensions at
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different depths are known. These are shown in Tablc
III. The laboratory results for the soil samples taken
from the six pits arc similar in cach type of test and
the values shown in Tables IITI.are thercfore the average
results., Tablc IV shows the physical propertics of the
soil at different depths.

For irrigation, moisture content is usually ex-
pressed in inches of water per Toot depth of soil
instead of percentage by weight. The moisture content
per foet of depth on volumetric besis is shown in
Table V. It is obscrvcd that the nvailable moisture
holding capacity in inches of water per foot depth of
the soil increases with the soil depth up to the
root zone. For this type of soil which is fine texture
sandy clay the U.8.D.A. gives the wnter holding cepa-
city as between 1.60-2.50 inches per foot depth of the
soil. Evidently the water holding capacity of the soils
under consideration is acceptable.

(ii) Depth to water-table
The depth of thc watcr-table varies from place to

place across the platcau. In genersl, as mcasured
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during the dry months (Oct-April), ii was 9 feet and
22 feet decp at distances 50 feet snd L50 feet respect-
ively away from the river banks,

The soil below the watcr-table wes onalysed for
particle size distribution and the results arc plotted
in Fig II, They compare favourably with that of the
sand in the river bed Pig IT which is very permeable.
It can bec concluded that the water-teble condition on
the plateau is excellent.,

(iii) Permeability

The permeability of the soil varics from place to
place, usually it is of thc range of 0.5 to 2 inches
per hour, However, the rate is within the accepted
limits for this type of soils in accordancc with the
U.8.D.A., classificntion., Henec the permegbility of the
soil may be classificd as good.

(1v) Soluble salt content

The chemical propertics of the soill are os shown
in Tablc VI which is slightly acidic as the pH is less
than 7. A pH valuc in cxcess of 8.5 is undepirable on

account of alkali hazzards whilst a pH value less than
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4.5 is undesirable as availabiliiy of nutrients to
crops becomeg a limiting foactor.

The soil may bc considered as exccllent as the pH
values arc within thce two limits. Howcver the usc of
fertilizers and biological manure can improve the fer-
tility of the land and still be an cconomic propositicn.
(v) Exchangeable sodium percent

Using expression 3.1 and the data in Table VI the
extreme valuc of thc exchangcable sodium percentage is
approximately 5.0. 8Soils for which the exchangeable
sodium percentage is greatecr than 15 are known as sodic
soils. In sodic goils soil structure brerks down and
eventually the soil colloids are dispersed, resulting
in a rubbery condition and reduction of permeability.

The soil is saline a8 the value of the exchange-
able sodium pcrcent is lcess than 15. To improve the
soil condition it is nccessary to cstablish an adequate
drainagc system and the soluble salts are removed by
lcaching. The exchangeable sodium percentage is

classificd as good.



28

3.6 Rating the land for irrigation
One method of rating the land for irrigation based

on organise and synthesize facts concerning thce phy-
sical and chemical characteristics of the soil eauatced
to an econolic paramecter in a given climatic setting is
given by the expression - Hagan (1967)

B wPfB,TD) sorssnans Js2

where E is cconomic paramcter,

S is soil charactcristics

T is topographic charnctcristics

D is drainage characteristics
The system is satisfactory but suffers from a scrious
defect in that adequate consideration is not given to
a limiting role played by a single factor which may
sometimes render the soll unsuitable for irrigation.

It 1s thercfore suggested that irrigation lands

be clessified as excellent, good, fair or poor and that
each of thcse corresponds to 3, 2, 1 or O marks res-
pectively. After this marking, the scorcs of the five
characteristics arc multiplied together to arrive ot

the final score i.c., (A X B xC x D x E) in Table VII
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On the basis of this scorc, thce ciasses in Table VIII
are suggested for the final rating.

Thus, a soill having good watcr holding capacity,
pcrmeability and low watcr-tablc and low exchangecable
sodium percentagc, but high soluble salt content will
score zecro -~ and will go in class V. Any single limit-
ing factor will thus render the soil unsuitable for
irrigation, excecpt if rcclaimed,

The scorc for the soil under consideration is 72

hence it is ratcd as good for irrigation, as it is a

class I1 scil.
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TABLL VII

Score card for rating of land for irrigation
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PART IV

QUANTITY OF THE GROUNDWATER MROM SHALLOW
. EXCAVATION IN-THF RIVER-BED

4.1 Introduction

Of the renewable natursl resources, the most im-
portant asset with the maximum impact on the life and
welfare of people, is water and is an indispensable
element in agricultural production, It is not only
needed for plant growth and evapotranspiration but alsc
for initial irrigation applications for soil prepara-
tion, for fertilizing processes and for the reduction
or prevention of excessive salt accupulation in the scil.

Water for all purposes is provided by nature in the
form of precipitation, the occurrence and distribution
of which varies widely both spatielly and temporarilly.
In the area of study the dry scagon 1z prolonged and
thiis necessitates the exploration and exploitation of
the groundwater accumulagted during the rainy sesson,

Many workers have carried out investigation to ob-
tain solutions to groundwater flow problems by cstablishe-
ing relationships governing the flow of water in a

porous soil. BSome of the early workers are Darcy (1856)
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Dupuit (1863), Hazen (1892), and Slichter (1899).

The recent investigators include Theim (1905)
Theis (1935) Muskat (1937) Chow (1952), Hantush (1962)
and Brooks (1966). These workers have sadvanced methods
of solutions to various flow problems, mostliy on con-
fined aquifers.

Owing to the complexity of groundwater ocecurence,
each area needs specific treatment along some well
chosen gulde lines already established but the most im-
portant single characteristic of a s0il that influences
the flow of water through it, is permeability.

1.2 Permeability

Permeability refers to the facility with which
water moves through a porous medla, and this moveneht
is immensely complicated as it is contrclled by the num-
ber, size, shape, total volume and degree of Iinter-
connectiong of the voids of the transmitting medium.
Thege pore parameiers are very difficult to measure and
usually some indirecel form of determination is needed.

Permeability test of solls are gquite simple in

theory and are usually based on Darcy's law which in-
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dicates that there is a linear dependence of seepage
velocity upon the gmndwm:hr slope. consider the
groundwater flow in the river vetween Sections T and TII
in diagram I. As the groundwaber ig non-viscous and
incompressible Bernoullis enquation may be applied to the

sections that is

P v, 2 P Vol o v
Z +.-—1-+ 1 =Z+__2_+ 2 +')y n.-anooal’-‘-"‘)
O L

where ay is the total head loss (energy per unit weight

of fluid) of the water over the distance L

% is the pressure head
7 is the height of the position considered gsbove
some datum.
vz
B is the kinetic energy
1 is the distance between the sections
The velocity 1s small and thc square term may be

neglected hence equation 1.4 can be written as

/-’.\y =(.i:1+z1) —(P‘g+22) .o--l'--.o MZ)
w w

and the total head at any point within the region of
flow is eimply

ya%-‘-'z csnassnans LIL3)
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This shows that the head loss is independent of the in-
clination of the transmitting medium.
Darcy (1856) showed that the relationships

Q y and Q- 1 exist
L

Q==Ka P ieninnne B

where Q is the discharge quantity

k is a proportionality constﬁpt known as the
coefficient of permeability and has the dimensions of
velocity L/T

A is the flow area at right angles to the flow

direction,

The negative sign indicates that the flow is in

the direction of decreasing head.

The ratio
tn AL = =1 e K(O)

-y

is called the hyraulic gradient and represents the space
rate of energy dissipation per unit weight of the water
flowing a dimensionless quantity

Equation 4(L)can be written as

Q& m kA suivoseney K 6)
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L.3 Conditions for the dcterminalion of k

In determining the permeability of the sandy bed,
one of the more important factors to be considered is
the structural arrangement of the soil which is likely
to be disturbed while it is being sampled and trans-
ported to the laboratory and ploced in the permeameter.
In most cases the samples are small and may not be re-
presentative of the entire porous stratum in question.
Hence a field test technique was used in determing the
k where the region of influence on the test is not only
significantly larger than the laboratory sample but is
also more indicative of the overall"in situ" behaviour
of the soil.,

A field test for this property requires a measure
of the movement of water which can be accomplished as
follows:

(i) withdrawing water from a saturated soil while ob-
gserving the drawdown carve

(i1) dischearging watcr into the soil stratum i.e. by an
infiltration test.

Method: (i) is rather costly to practise as it involves
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a specially constructed well with screening and gravel
packing as well as two to four observation wells and
is mostly suitable for deep wells,

Method: (i1) is not only cheaper to carry out but has a
wider range of applicability than method (i). Many
formulae have been evolved by the U.S5. Bureau of
Reclamation (1960) to determine k, using method (ii).
L.t B8et up for the determination of k

The coefficient of permesbility k was determined
using method (ii) where the rate of infiltration was
determined in a cased hole below the water~table as a
function of time. Twenty sites were selccted at ran-
dom on the river bed for the test.

In each test a L} feet length of 6 inch diameter
pipe was jacked downwards into the soil so that at
least a two foot length is below the groundwater table.
The soil contest in the pipe was removed using a L4 inch
diameter auger. The rates of infiltration were observed
using a stop watch.

4.5 Results

(1) River bed naterials
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A sandy series is found in iLhe¢ viver bed consis-
ting of fine and coarse sand with concretions of line.
The grain size of this sand varies from 20 microns to
1,000 microns, but sometimes particles arc found with
diameters from 1,500-2,000 microns. The very top
layers of sand arc believed to be wind blown, as studies
indiceted their aeolian character.

At the base of thc sandy layer et a depth of appro-
ximately 7 feet or 5.5 feet below the groundwater table
in the river bed, a silt clay is found. This impervious
layer can be considered to be the impervious basement
which probebly extends under the entire river course.
The particle size distribution, curve of the saturated
river bed material is shown in PPig. IIb.

(11) Development of a theoretical relationship for k

In this analysis the bottom of the pit is assumed
to be a point source from which therc is a spherical
flow in all directions, and the soil is homogenenuous
and isotropic, disgram II

At the time interval dt as the water level falls

in the pipe through the distance dh tlic discharge dQ
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taking place
an = ”.,',.2&% = - 47 £’k 1 (equation 4.6) ... 4{7)
where r ls radius of pipe
ry is radius of sphericel flow area
i is the hydraulic gradient
if we let dt become infinistesimal, integrating
equation 4.7 and introducing the initial conditions
viz, at t =%¢t, h=hl, r = Ty, ete
we obtain:
xbeg (bot) =t B w®
2
Y

Expressed in the system of decimal logarithms,
E = 230308, B2  werves 19)
= %810

where T is (tz“t1)

Three tests were performed in each station at an
average time intcrval of 3 minutes. The results were
analysed statiscally as shown in Appendix II and the
coefficient of permeability of the sand was averagely
1.80 feet per hour. Using the standard expression due
to the U.8. Bureau of Reclamation (1960) the permea-
bility is 1.65 feet per hour which differs from the
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previous result by only 8% but ihis is to be expected
as the Bureau's formulas was derived for similar
materials hut in another part of the world.
ll.6 Potential yield from the excavation

Seepage aquantities under dams, sheet piles, and
through irrigation embarkments may be determined using
a flow net and two dimensional {low technicues; il the
permeability of the material is known - Todd (1959),
Harr (1962) and Polubarinova-Keochina (1962). The flow
of water into a well, of any geometrical shape when
partially penctrating the'aquifer ig however three
dimensional in character, which implies that the pro-
blem cannot be adequately resolved by means of flow net
techniques bul an analytical approach provides a sound
basis for the determination of the theoretical yield.
(ii) Partially penetrating well

Small scale excavations c¢an be considered as
partially penetrating free aquifer wells of various
gecometrical shapes. Conslider the well shown in disgram

IIT 4hen the Laplace velocity potential ecuation is
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dI"‘dI +d-I =0 L I B I B L‘-(10)

where I is the velocity potential and

X, ¥, 2 are rectangular Cartesian coordinatcs.
Since the flow into such a well is spherical it is pre-

ferable to express the above equation in spherical co-

ordinates (r, @, X)

1 d

ld (24 ) + 14 at

rtdy (r g d (8in 0-=%) +
3 dr a2 *sin ¢ 35 de

r281n20 . ax

= O L N (u(11)

As the fluid system possesscs spherical symmetry, the
symmetry is expressed by taking the origin of the sys-
tem at the centre of symmetry which casuses the terms

dl and dI to vanish. Hence equation 4.11 recduces to

dx
l_d (2_&_,__1_) = 0 L R - Ll-(12)
2 ar rodr
From equation 4.12 r° dI = constant = ¢
ar
C
HCHCBI=-;+01 LR I B ) J—l-(13)

Cy is a constant due to integration.

Equation 4.13 demonstrates that in the spherical flow
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the potential I varies inversely with the radius. The

discharge at any radial distance P from the origin

i.e. centre of the sphere is

g 2 - 2 dI
Q = J—l-l I‘n VI‘n — Li' P I‘n dI‘n ® v s p a0 4‘1“-)
where u'frn2 = the surface area of' the sphere and

Vr, = the redisl velocity
From equation L.14 I becomes

I == 8 | 6 cemccccm—mee
e + e, L{15)
Note the similarity of eouation L4.13 and L4.15

At the well we let 1 = and I =1

n w

c, in enuation L4.15 becomes

(4 =I + - eweEow - . u(16)
1 w LT Py
where Py = the well radius
Iw = the velocity potential at the well

If we substitute equation L4.16 for ¢, in equation
L4.15 we obtain
I _TQ (-%_- r%ﬂ) +Iv; LR B A u(‘i?)
T L47 w n

Equation 4.17 demonstrates that I varies directly with
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the discharge flux, The veriation is rapid. Now con-
gider a distance I. from the centre of the well as its
radius of influence and putting in the initial bound-
ary condition as

I

I%. where rn = rw

and I

I, where = L and rearranging terms in

equation 4.17, the total flow Q is

Q=!{,#‘(IL;IW)‘ sirscanan s u(‘lg)
T

'-.1l--L
1

Under natural conditions {,-—-» 1

w L

Q=L|,‘[(IL—I ) P seieenna U{19)

w w

The discharge into the hemisphere = 0Q/2 = Q1

¥ esemes  H20)

1
Q' =ow (1, -1,) 7,

w
Equations 4.19 and 4.20 demonatrates that both Q and
Q1

ternal boundary of flow as Ty < £ L and as such the

are independent of the extent and shape of the ex-

detailed gecmetrical shape of the well and its external

flow boundary may be considered as of little importance.
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The main problem in determining @ is in finding
the analytical solution to the velocity potential IL
and IW. However an approximate solution for Q was
given by Muskat (1937) as
I, -1
Q = Sagvcmes 2¢I .}}-(-&WL -W‘C%] - ’.I. 21
.50 (éln Ty! =G ‘§;IE (%¥D ket)

where h is the well penetration in fraction of the

depth of the permeable layer h

IL-IW = épk/u L ] u.22
where /] P is potential drop u is the licuid viscosity,
and K is the sand permeability.
Pressure differential is assumed to be 1 atmosphere,

therefore K/u = 1

G(h) = In Fga.szﬁﬁ} F (0,125h gouny BE2E)
F(1-0.6875n F{§n0.1§3%7

where F are gamma functions

G(h) is plotted against h as shown in Fig. III.
The values of G(h) and h are substituted in equation
4.24 to find (- Table IX) L being 200 feet.

In this analysis the well is assumed to be cir-
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cular. For polygonal shaped wells the average radius
of the inscribed and circumsecribed circles is consi-

dered sufficiently accurate for practical purposes.

TABLE IX

Theoreticel discharge per 1 squere foot of surface area
per depth

. . . n-r-‘-.“.--—--

raea—ace
+ Depth in Discharge in gall. per

R — |

% b )
! 1
: feet ! Lour ?
| AP —— i .,,
i !
i : '
i 1 ; 910 H
: : :
1
2 : 372 H
1 i
i i
' 3 ! 57 H
L. :

:
¢
[
'
!
!

) I

Owing to lack of =accurate knowledge of the velo-
city distribution, air entrained in the soll and non-
homogenuity of the water bearing strata, the theoretical
analysis cannot predict ouantitative results closely
and for useful design information one has to rely upon
experimental studies.

4.7 Yield by experimental method.
Two experiments were organised in this connection,

rectangular wells and circular wells,
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4,7 1 Rectangular wells

This method involved a rectangular excavation its
dimensions epproximately conforming to the traditional
form used by the local farmers.
(1) Layout

The longer side of the rectansle was perpendicu-
lar to the river course, with one side of the shorter
sides bounded by the left bank of the river. Observa-
tions wells were spaced 30, 100, 200, 40O and 500 feet
away on both sides of the excavation - diagram IV.
(ii) Method of construction

At the experimental area (marked X Map II) the
water-table was 2.25 feet below the dry bed, The dry
sand was renoved from the entire surface area of 35
feet by 20 feet. Within this area a 20 feet by 10 feet
rectangular section was marked out., Dry sorghum stalks
were packed closely and almost verticsl round the peri-
phery of the rectangle to act as a retaining wall
structure. Excavation was to 2L inches below the water

table. Dewatering was carried out using a petrol driven

centrifugal pump.
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{4f1, Suitability of the retaining material

Most of the sorghum stalks used were L feet long
and throughout the dry months most of the stalks re-
tained the earth very well. The use of such material
may not be viable as a long term proposition since
when the stalks have being immersed for a long while
they rot and decay lecaving a peaty residue which de-
creases the permeability of the wall area. However,
thig effect can be avoided if the stalks are removed
each year and replaced. In any casc any bed excanation
in the river is rapidly silted-up during the flcoods and
unless a permanent protection, rising well above the
flood level, is provided the silting-up is inevitable.
(iw) Determination of the safe yield

Safe yield was determined at 12, 15, 20, 24 inches
below the groundwater table. The pond was pumped to
the required depth at a uniform rate of 2000 gallons
per hour. The rate of pumping was determined by timing
the flow of pumped water into a metal tank of known
volunme,

Tests were carricd out throughout the dry months
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at each depth. Observation wells spaced at 3u, 100,
200 feet upstrcam showecd on the average a drawdown of
L%, 1% and 0 inches respectively whilst at the down-
strcam side, observation wells spaccd at 30, 100 and
200 feet showed on the aversge a drawdown of 5, 15 and
0 inches respectively.

The pond was allowed to recuperate until the water
rose almost to the original level, l.e. pumping was
resumed when the watcr lcvel rose to within 1% inches
of the original level. The rate of recovery is shown
in a plot of recovery height against timc in Fig., IV

The safe yield was detcrmined as follows

=-—g—-- -
Q1 T.& +TE L R A I “-.2“‘
where Q1 = pafe yield
Q = quantity of' water pumped out

T, = duration of pumping in hours
5 = Recuperating duration in hours

Results are as shown in Table X
er unit

q = safe yieldz square foot srca of pond.
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TABRLIE X

Safe yield

Depth | % r  a Y L
! } 1 radius of influence |
e B a— -t L R T I i - L-_t- - Fe e e smes e S E e See mame & e '
Inches E gph gph E feet E
1 ] 1
12 ; 880 Iy ' 200 i

1

1 1 i
15 ; 900 H L5 : 200 5

¥
1 1 1
i 20 E 950 | u7.5% g 200 §
1 ¥ 1 '
24 ! 980 : 49 : 200 :
B = , PRy, A PP e p o et

It is observed from Table X that the increcase in
the safe yiecld with depth is not appreciable. There
is also a wide gap between the thcoretical yield and
the safe yleld as evident from a comparison of data in
Tables IX and X,

Safe yield may bc defined as the quantity of water
that can be withdrawn from an aquifer in a given time
without producing an undesirable effect within the ba-
gin, such as 'mining' of the groundwater. As defined
safe yield is not a constant ouantity as it is subject
to considerable variability such as pumping costs and

increase in suction head owing to lowering of the ground-



57

water level.

In order to arrive at a constant daily yield
from thce pond it is neeccssary to loock into the working
periocd for the farmers as different techniques may be
applied to groundwater exploitation. The normal work-
ing period for the farmers is usually 6 a.m. to 12
noon for the morning session and 3 p.m. to 6.30 p.n.
for the evening session. This is because the unshaded
temperature is very high in the afternoons of the dry
months when irrigation is practised. Assuming a farmer
can efficiently hendle 30 to 60 gallons per mimute on
the farm working for 10 hours a day, and allowing the
recuperation to take place during the night, the daily
vield is as shown in Table XI and is termed 'Operational
yield', It implies that the yield is dependent upon

the pattcrn of operntion of the groundwater use.
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TABLE X1
Operational yield pur dry

7

i R+ A A A A A S
' Depth in inches / Ggllons '
L BGLOW Webie e e}
1
12 11,000 :

1
1 1
15 12,500 H
q
1
18 13,500 5
I
2} T ' 14,600 :
st e i et e p - e i e i 2

b T A,

h.72 Circular wcll
(i) Layoud ﬁ

This was situated in the middle of the stream
course. At this point the watcr-table was 1.90 fect
below the dry bed. The well was lined with precast
concrete rings with observation wells arranged much
as in Mzthod {!..71}
(ii) Method of construction

Thus 2.75 feet diameter, 1.53 feet dcep concrete
rings werc sunk in the aequiler by cxeavating the sand
content in the cylinders, The diamcter isg just large
enough for a small man to work in it. The loose sand

was heuled to the surlace in a bucket with a rope.
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attachcd. Two mer stood on tie —im during thi cxcava-
tion to provide the extra weight required to sink the
cylinders. Dewatcring was cffected using a petrol
operated pump. A Ltotal depth of 4 feet below the water
table was reached. The bottom was packed with a 6 inch
thick layer of river gravel
(1ii) The detcrmination of wecll yield

From several tests based on recuperating techni-
gques thce well gave o safc yield of 413 gellons per hour.
The yield is particularly low for agricultural purposes,
however it is adequatc for the supply of water for the
farmer's herds during thc aftcrnoons when he is less
busy in his farms.
L.8 Choice of well

The relative merits of the cxcavation are as shown
in Table IV-1, Decspitc the demerits of rectangular
7¢ll most of the farmers along the river banks prcfer
it to the concrcte lined well as they are already ac--
customed to similar cxecavation in the river bed for
their irrigation watcr and moreover thc initial cost of

the construction of a conercte lined well of adequate
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diameter is not within their fianuncial ability. Con-
sideration is therefore given to the sorghum lined
well or 'pond' in the bencfit to cost ratio analysis

of the project.
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TABLE IV

Comparison of wecll construction

- - i i

Item

P

Excavation

Lining
material

L e e R S R S S I

Sorghum lining

e

more earth work
is involved hence
cost is higher

cheap earth re-
taining material
lining depth is
restricted due
the material

-——

Yield

Durabili
ty

—

foot of seepagc
area perpendicu-
lar to the direc-
tion of flow

-——

e R I e

e ----.J-

! Lower per souare :

-

Concretec lining

R R e

B N

less carth work nnd loss
cost

-

costly but is within the
reach of the average rich
farmer. The sand, coarse
agnregates, and water are
three of the items for the
conercte ring construction
and are available on site.

e ma e . . -

— -

better than sorghum and fur-
ther improvement is possible
by making thc depth of the
concrete ring to be 1 foot -
especially those that are
well below the watcr table-
and thc diamctcr could be
increased for storage pur-

poses

e I

Seasonal and sub-

jeet to damage by
the herds of cattlé

1

and floods La

-— -

permanent structure, the
filter materiel only has be
renewed once a year

L N
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PART V
THE QUALITY OF THE GROUNDWATER
5.1 Introduction
The various mcdia through which the rain water
comes in contact and the rain itsclf tend to arrive at
chemical equilibrium if they are in contact for a suf-
ficicent length of time. The major media are:
(1) The atmosphere- It is here that the water begins
to take up carbon-dioxide and to be contaminated by con-
tact with cosmic and industrial dusts and gases.
(ii) Thc top soil:—- Here it finds itself abruptly in
contact with soil formations, plents and animal residue.
(1ii) The sub soil:~-:The water forms the principal apci’
in the decomposition of the rocks.
(iv) The aquifcr:- Here the processcs of decomposition
and dissolution of the enclesing gecologic strata con-
timie.
The final chemical composition of uhdcriground
water determines its quality and the quality standard
required depends upon its purposes. Thercfore, before

actually utilizing the groundwater for irrigation it is
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necessary to detecrmine its suliablliiiy since Lhe plants
may be harmed chemically by metabolic reactions causcd
by toxic constituents of the groundwater. Ividently
the quality of the groundwater is cs important as the
quantity - Todd (1959) Hagan et al (1967)
5¢2 MNcthod of sampling

Samples of groundwrtcer were colleeted monthly
throughout the dry scason (October - April) in a screw-
cap bottle of 1250 ml volume, Each sample was taken
during the recupcration period of the groundwater after
pumping from the sorghum line well.
5.3 Method of analysis

All samples were analysed for conductivity, pH,
sodium, calcium plus magnesium, chloride, potasium, car-
bonate and bicarbonate to determine the suitability of
the water for irrigation purposes Methods of analysis
was as suggested by The Salinity Laboratory precedurc
Agricultural Handbook No.60 U.3, Depertment of Agricul-
ture, Chemical analysis werc madc almost immediate
after sampling to prevent any change in the chemical

status of the water duc to mierc-biological activity



which ocecurs if thc sample is sbtored for a period of
time.
5.4 Results: The results are as shown in Table XII
5.5 Assessment of water quality
(1) Conductivity

The electrical conductivity of a scolution varics
directly with increcase in the concentration of the so-
lute, and therefore the totnl soluble salts can be ex-
pressed in terms of electrical conduectivity. The solu-
ble salt contcnt helps considerably in estimating the
potential saline condition of the irrigatecd land. The
conductivity throughout the dry scason (October-liay)is
between 100 and 200 micro-mho/em at 25%C. Soils with
a conductivity less than 750 micro-mho/cm nre rcputed
to be suitable for irrigation purpose, whercas water
samples with conductively greater than 1,600 micro-mho/
cm are usually assumed to be totally unfit.
(ii) pH

A hydrogen ion concentretion (pH value) less than
7 indicates an acid weter. If the pH is higher say up
to 8.5, therc is the posibility that the 003 content
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of the water precipltates Calciuwn andMagazsiua of the
goil, thercby dcecreasing the strength of the soluble
Caleium and Mrgaesium gnd thus promoting an exchange of
sodium(tho Na)on clay complex, This causes deflocculn-
tion and a reduction in permecability. Thce pH of the
water during the period of testing ranged between 6.7
and 7. This isg considered suitablec for irrigetion
purposes. |

(ii1i) SAR:.- The sodium adsorbtion ration is given by

the expression:

~ Nn
SAR = ;@Eﬁﬁ
: 2

It is an indicator of the e¢ffect of relative ca-

cersesans 5(1)

tion concentration on sodium accumulation in the soil.
The cations are calcium, magnesium and sodium with
small quantities of potasium. The alkali hazard in-
volved in the use of a water for irrigation purposcs
is determined by the absolute and relative concentra-
tion of itc inorganic constituents as they react with
s0ils as ions rather than as molecules. Irrigation

water with an SAR value of 0 to 10 18 claggsified as
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good and the SBAR value of the gruvadwgbier under Gtegt
was less than 1.0 and is therelfore most available for
irrigation purposes
(iv) Residual sodiwm carbonate

This is the amount ol curbonate or bicarbonatc a
water would contain aftcecr an amount equivalent to the
calcium and magnesium has bcen removed, It indicates
the tendency for caleium and megnesium to be precipi-
tated as carbonatces in the soil, thereby increasing
the rotio of sodium to calceium and nmagnesium in the
goil solution and cffectively raising the sodium ha-
zard.

Regidual sodium carhonate is given by the expres-
gion:

Res Na CO5 = (co3 + Hcoj)-(ca + M) veeeen. 5{2)

Waters that contain less than 1.25 equivalent
parts per million of residual zodium csrbonate are as-
sumed safe for irrigation purposes. Values of 1.25 to
2.50 c.p.m. ouallify the water as marginal whilst velues
more than 2.5 ls classed as probably unsafe. As the

value of the resgsidual sodium carbonate in the water
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throughout the period (during ol JIJ months) soquir-
ing water for irrvigation is less than 1.25 the watcer
1s classified as safc znd suitable for lrrigation
pUrposes.
5,6 Conclusion
Therc is cvery indication from the anslyses that
the water is suitable Tor irrigantion. It may be clas-
gified as affording low salinity, sodium, and carbonate
precipitation hazards. The quantities of calcium plus
magnesium, potasium, and chloride would contributc teo
crop nutrition. It should be added that it is already
on

uged/ a very limited scale by local farmers for irriga-

tion purposes.
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TABLE XII
The chemical propertics of the Zroundwater

! Chemical ! OCT. NOV. DEC. JAN. FEB. MAR. APRIL! MAY °
1 properties | * ! !
e R e
pH 1 6.9 6.8 6.8 6.7 6.9 7.0 6.7 ! 7.0 ;
-' T e e poe
Conductivi-- 120 1418 100 123 145 100 182 } 127 }
! ty in micro- ' '
} mho/c @ 25 ¢ ' ;
|Hﬁ.u‘.—-—'- - - - Rl -— @ . MR B B Al A : ;‘
Na meq/41. | 0.46 0.45 0.42 0.4y 0.46 0.39 0.30! 0.351
- Ao ,I...4 i T i e i S ’ ...}
Ca + Mg io.us 0.46 0.41 0.51 0.70 0.36 1.12:; 0.54 }
T A -
' SAR E 0.96 0.96 0.54 0.86 0.78 0.93 o.hoi 0.685
A - : : )  i—— 1
- f - o - T T :
HCO,+C0, 1 0.57 0.56 0.58 0.88 0.94 0.62 1.64} 0.82/
[ .
r'—“-m—;‘-‘JL——“ﬂl - L tmE .. s & - - - - E— ';-
R.8.0. 0.15 0.47 0.17 0.37 0.24 0.26 0.52! 0,28
- . T el et PR P I 'l= \'.
x* | 0.09 0.10 0.08 0.16 0.16 0.12 0.25} 0.12}
" - Iy L (X
1 ! g
oL” 1 0.2 0.23 0.23 0.16 0.23 0.15 0.12} 0.12!
--—+——~—--—-.-4- el e 4l i S =iy | o
i H '
! Sediment ! 0.25 0.24 0.2 0.24 0.21 0.30 O,4h! 0.35!
1 load gn/1lit ! !
1 —

—aak . i a— -— -

*There was 0.25 inch of rainfall the night prccceding

day the samplc was taken.



PART VI

GROUNDWATER' LIFTING DEVICES
6.1 Introduction

Neture hos provided mankind with water but leaves
it to our ingeruity to raise it to satisfy our needs.
Through the nges man has tried his best to devise re-
liable water raising sppliances and somc of the major
developments woere caused by the necd 0 provide water
for irrigation as evidenced during the early civiliza-
tion of the Egyptians, The ecrly doviccs such as the
'shadoof! system and the chain pots werc uscd mostly
by the agriculturists in the nrid and scemi-arid re-
glons of the world and these applianccs were developed
through tradition and personal experiences rather than
by any deliberate desipgn.

Later in the 17th century, the Buropeans came
into the scene owing to the growing drainage problems
in their mining industries and modern mechanically
driven pumps have been designed as o result of rapid

advances in tecechnology.
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6.2 Some conventional pumps

Modern pumping machinery may be primarily divided
into the following classcs:
(1) Reciprocating pumps

Hand punmps, wind-driven pumps, steam driven pumps
may be classified under this heading. The water 1ift-
ing action of the pumps in general depends on the vari-
ation in volume of spaces duc to the reciprocating or
oscillating motion of onc part of thc mechanism rela-
tive to anothcr fixed part. Parts of such machines
includc the bucket, the piston and diaphragm. Usually
an air chamber is placed in the discharge piping close
to the pump to counternct the shoeck and watcr hammer
caused by the varying rctc of discharge of the pump.
(ii) Rotary pumps

The pumping action depends on the variation in
volume¢ of a space or spaccs duc more or less directly
to the rotary motion of a part or parts of the pump.
There arc many varicties but the most common arc the
vane gear wheel, screw and thc rotating-cylinder

types. The rotary and the reciprocating pumps are



basically hydrostatic machines,
(11ii) Pluid pressure pump - ilydrgulic ram:

This is also a hydrostelic mzchine., Water iz
raised to high level, in snall quantitics through the
action of largc quantitics of watoer under a low head.,
These pumps require no cxternal power source for their
cperation.

(iv) Contrifugal pumps

The lifting saetion is due largely to the liquid
being given a rotary motion which produces a centrifu-
gal force and these pumps are classed as rotédynamic
machines,

6.3 Other pumping devices

Two water-1ifting teehniques were investigated in
the laboratory and on the field.

6.31 Wick: There are cotton and other porous fibre
meterials in abundence in Zeria, It would be a good
ldea if they could be uged to 1ift watcr for iprigation
purposes as the materials arc krnown to be absorbent,
(1) Experimental set up

Highly absorbent cotton wool was arrenged in the
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laboratory as illustrated in Diogran V with sawdust re-
presenting the soil. The "pump" was intially primed by
saturating the cotton wocl with water,
(ii) Results

After some few days 3 the length of the cotton
dried up. The % length near the source of supply was
fairly wet so was the surrounding saw-dust. The mois-
ture content of thc¢ saw-dust was determined and was
found capable of sustaining early growth of bean seeds.
(1ii) Recommendation

Owing to the layout labour and high inefficiency
of this mcthod it is not recommended for the farming
practices. Ilowever, with a littlc modification such as
replacing the cotton wool with blotting papcr it is an
ideal devicc for estimating thc consumptive use of wa-
ter by plants during their carly growth.
6.32 Condensation method

The solar system and its connections with the
earth may bc rcgarded 28 a machine. One of the func-
tion of th~ machinc is that of circulating the water on

its surfacc. On the average, evaporation from frce
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wnter cn its surfezee in thic Lot of the worlid could
bc as much as 6 feet per year., If interception of eva-
porated watcr is artificially possible at the required
altitude and right mantity such an endeavour would be
onc of man's greatest cffort in solving the water ro-
sources problems.

(i) Experimental set up

The experiment was carried out in the field., A 2
foot square of surface arca on the river bed by 3 feet
deep was cxecavated to expose the ground water to a
depth of 6 inches. Whitc polythene sheeting and 4 inch
diameter mild steel rods werc arronged to cover the pit
in th¢ manmner shown in Diagram VI.

Whitc polythene shecting is translucent and
intercepts the reasulting watcr vapour and condensc it
into droplets. By this process hceat from solar radia-
tion is dissipatcd to the surroundings while the fresh
water condensate may be colleeted in small channels on
each side of thce inelined roof,

(ii) Result

The water condensate colloected at spproximatcely 2
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inches above the watcre surface was 1C50 c.c. pur weck
during the month of April. A large area is therefore
requircd to produce any rcasonable amount of such watcr.
The largest solar still in Australizs has an area of
38,000 square fcect of horticultural glass - the inter-
cepter material-Morse (1968). The cost of fresh water
production is almost £1.0.0d per 1000 geallons of water,
the production being 30 gallons pecr squarc feet per
year.
(ii) Recommendntion

In Zaria, it is not nccessary to havc solar stills
to supply irrigation water becausc the water is soft.
However, this may solve the watcr resourccs problems
around the Lake Chad arca in Bornu Province, where the
801l is fertilc but both the lake and the ground-
water are too saline for conventional irrigation.
Installations of solar stills will go n long way to
reducc the saline hazards duec to the salt: watcr.
6.4 Choice of pump

The pumping device to bc uscd on the sitc is ex-
pected to be able to pump fairly clcan cold water to a
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stalic head of some 15 feet inclusivs of all frictionanl
losses. Thce ratc of pumping may be put at approximatcly
40 .gallons per minute since the local farmcr can handle
this quanvity without appreciable waste. The normal
working periods for thce pump would be approximntely
8 hours a day. In chosing the right pumping machine,
the relative merits of the pumping devices are discus-
sed as follows:
(1) Rotary pumps

Rotary pumps are uscd where the duty reouirements
are for small quantitics of liouid at medium pressures.
They arce more suitecd to handling viscous liguids such
as 0il rather than water - o free flowing liquid, beca-
use flexible packings can rarely be provided to form
completely water tight senls between the rubbing sur-
faces.
(11) Rceiprocating pumps

Reciprocating pumps arc usecd for the high pressure
and low gquantity discharge. They arc complicatced,
heavy and require largc floor area. They have the

disadvantage of pulsating flow and as the farmers need
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congtant flow for ood form muneguinuiib, this is not
sultable.
(1ii) Hydroulic ram pump

It iz an impulsc pump which utilizes the momontum
of falling watcr {when o moving column of watcr is
suddenly stopped water harmer is produced) to 1ift o
fraction of the weter to o height much greatcer than
that of thc supplying source. Wator flows down an in-
cline pipe (enlled drive pipc) whose slope is usually
1:8. "The pump in its simplcst form is as illustrated
in Diagram VII. It congists of a metal box fitted with
two automatic non-return valves, working in opposite
directions. An air vesscl or gurge tank surmounts the
delivery valve without which the pump has a very low
efficiency.

The gross o¢fficicney may be expressed in two ways
after Rankine and D'Aubuisson - Addison (1964)
(a) if level B, tailwater level is taken asldatum, then

the uscful work done per unit timc is ;

wgn |

Encrgy supplicd = w@h
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Efficiency = %%
Q

(b) 41f thc head watcr level is taken as the datum then
useful work done is
wq (h H)
wQH
a(h-H)
QH.

Energy supplied

Efficicncy

Q, Q, hy, H are as shown in Diagram VII and g is the
acceleration due to gravity.

The efficicney is usuanlly of the ordcr of 75 per-
cent. With this cfficicney it is possible to roisc al-
most 1/6th of the watcr supplicd to the ram - (see
c¢fficicney graph Diagram VII)

Two faetors render itunsuitnble for usc in this
particular casc
(a) the slope of the groundwater in the dry river bed
is not stcep enough to work the pump eas it is 0.3 per-
cent, If the slopc is increased to 12.5 pcrecent as
required, then the pump has to be installed in a con-
crete man - hole below the groundwater table. There is

thereforc no cconomical wny of getting away the waste
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water,
(b) thc ram does not nced mueh attention and works with-
out fucl, the disadvantagce being considcrable wasteoge
of watcr, which is of importancc to the farmers os the
quantity of watcr 1s onc of the controlling factor in
the irrigation schemc.
(iv) The centrifugal pump

This is the type of pump in most common use., It
is gencrally of the horizontal spindle type with a vo-
lute casing in which thce kinetic cnergy of the water os
it leaves the impellcer is converted into uscful pres-
sure., It is uscd for almost all ocuantities of dis-
charges and pressures. It may also be of the mixcd
flow typec in which the impellcer blades arc sct nt an
angle to the axis of the pump so that a screw effcet
may be produccd in addition to the centrifugal action -
Allen (1960). This mcthod c¢nables the horse-power to
be kept practically constant undcr diffcrent conditions
of head and the cnginc can be run at or ncar full load
under all &enditions.

Gencrally thesce pumps are relatively low in initial
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cost, are very dcp-ndable and dvratlc, with lcw main-
tenancc costs. They arc capable of delivering large
gquantitics of wotcr and can pump sandy, gritty and
muddy vate» withov injury to the pump.

For thc particular crnsc of LO gpm thc brake-~horse
power rcquircd for the pump is npproximatcly o.4 H.P
A typicel pump with this charactcristic is the type
C1%v centrifugal petrol driven pump of Auto Dicscl
Limited (1969)., It is portablc lightweight, easily
handlecd and adaptable for most irrigation purposes.
The pricc of this pump is uscd in the ealeulation of
the bencfit to cost ratio of the projecct.

The pump's characteristics arc as illustratced in

Fig. V.
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PART VII
TR CATION :FARM EROJECT: PLANNING™

7.1 Introduction

Th¢ first considcration in thce design of ¢ farm
projcet is to reconcilc the twin limitations of aveil-
eble watcr supply and the aren to be irrigated. For
projeet planning, considerntion must be given to the
following itcms:-

(1) irrigation reguircment

(ii) consumptive use of wnter

(1ii) dirrigntion cfficiency

(iv)  commandable area

(v) cropping pattern
7.2 Irrigation requirement

For agricultural crops such as ricc, tomatoes,
onions, wheat ete. there is on optimum water require-
ment which varics from crop to crop and from time to
time during thc growing scesons depending on certain
climatic factors such as tcecmperaturc, humidity, and the
amount of sunlight in a given locality. Israclsen ct

al (1967). In addition to thc wnter actually trans-
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pired by thc plent in the process of growth (known as

the consumptive use) water is lost unavoidably through

(a) evaporation from the bare soil between the cerops,

(b) evaporation during conveyance of wanter to the plants,

(e) percolation beyond the root zones, and

(d) surfancc wonste, the amount of which depends on the
cxpericnec of the farmer.

The irrigation requirement is thereforc the sum
total of the water nceded for plant growth i.c. consump-
tive usc and thc unavoidable losscs.

7.3 Consumptive usc of water

Rescarchers on consumptive use of watcr such as
Blancy-Criddle and Pecnman have suggested methods of
determining crop rcquircments from climatological data -
Olivier (1961).

(i) Blaney- Criddlc method

Working in the weatern United States of America as
senior Irrigation Engineers, Blaney and Criddle c¢sta=~
blished an cmpirical relation betwcen weather and crop
factors and water usc. The formula has very little

theorctical basis and is apprently rather illogical, but
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it works. It is acccepbable as o Liest approximation,
for the dctermination of c¢vopotranspirantion, as it is
bascd on climatic data mostly available throughout the
year in most placcus in Nigeriac. The formula, expressed
in mathematical form, is as follows:

B = TPK; was sonwnsy s sam 01

where U Monthly water usec in inches

T = mean monthly asir temperoture (°F)

P = monthly % of daytime hours in thc year

k1” = n crop constant - dimcnsionless
U is summed up for thc months of the pgrowing secason to
arrive at the totnl amount of water in inches to bring
thc crop to maturity.

Some of the crops that may be cultivatcd during
thce dry scason on the banks of the river arc, onions,
tomatoes, whcat and cotton. Thcy heve o crop constant

of 0.70. Thc consumptive watcr usc for any of thcese

cerops is shown in Tablc XIIT
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TABIE XIIT
Consumptive use .- Blamiwy--Criddle

B R I e i I T St meaey

'----lh- - 1 - - -—'..-r

{ Month {1 P ok, U
ey fraie — i G
i September E 75.4 E .082 E .70 E He3 E
E October E 75.9 E .083 E .70 ! L. 5
i November 5 4.9 E .078 E .70 T !
E Deecmber E 72.3 E » 799 i .70 E 4.0 E
E Jamiary E 72.3 E .080 i .70 ! 4.0 i
E IPcbruary E 75.5 E O7L i .70 ; 3.9 E
i March E 81.3 1 .084 i 70 1 L8 i
i April i 83.7 E .08l i 70 i 4.9 E
i Moy : 80.9 5 .083 1 .70 :_“i.g__%
b A Totel = 39M

Average U per day = 0,14 inch

peak = 0.16 inch per day in May
(14i) Penman (1948) developed a more firmly bascd theo-
rctical approach to potential evapotranspiration. He
states that cvaporation depcnds up-n:
(a) the supply of heat energy, sinee cnergy is recquired
to cvaporatc water, and
(p) the drying power of air.

His analysis resulis in thc expression: -~

Ko+ 0.27TE, 7.2

e S )

X, +0.27
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where ET Consumptive watcr usc iu wn per day

4

slopc of saturated vapour pressure curve of
air at absolute temperature in op { mm Hg/OF)
H
Ea

In practice Pcnman's estimate reouires more mete-

daily hcat budget at surface in mm H2Q/day

i

Evaporation in mm of water/day.

orological information than that of Blaney and Criddle.
From the meteorologicel deta obtained from the

2nd Order Meteorological Station Samearu Zaria, the

potential evapotranspiration during the dry season 1s

as shown below:

TABLE XIV
Consunptive use - Penman
mﬁ.—r{ o Days | E (inche;; 4
| T T :
P TPSACTUE S e
E September E 30 ; 5.31 E
i October i 31 g 6.18 ;
5 Novembe r ; 300 i 5497 E
| Decenber E 31 E 4.97 E
E January i 31 i 5.22 i
E February E 29 5 6.04 g
§ larch i 3113 732 ;
E April E 30 E 7.55 E
ey o fo 3ol T35

i Total r 27 ] L7.71 :

s v —— b iy e —



Aversge = 0174 inci por day
Peak = (.25 inch per day in April.
Samaru)
(iii1) Results from a weighing lysimeter studies/also
show that on the average the consumptive use is 0.15 of
an inch per day during the rainy season., Owing to ad-
vection of c¢nergy in the form of warmcr air coming from
the Sahara desert (Oasis effect) the consumptive usc
of water can be as much as 0.40-0.50 of an inch per day
during thce months of Tebruary and March. - Xowgl and
Stockinger (1969)
(iv) Prom the actual water balancc study of Samaru Dam
Catchment Basin - Omolokun (1968), the evapotranspira-
tion ratc per dny is 0.19 of an inch during the period
when the bhulk of vegetative growth of crops occurs.
(v) Some Agriculturiste in the Agricultural Research
Institute of the University have carried out research
work on crop production including tomatoes, onions,
wheat, sorghum and maize - Quinn et al (1969). From
their anta, it wns obscerved that the yield of tomabtoes
was maoximum when suppliied with 2 inches of water per

week which may be assumed as the irrigation requirement
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which iancludes conzumptive use and the unavoidable
wagbtc -« all put approximately at 0.29 of an inch per
doy.

In conclusion the consumptive use of wstcr by crop
in this arcva moy be taken with reasonable reliability
a3 0.20 of an inch pcr day.

7.4 Irrigation cfficicney

The percentage of irrigation watcr that iec avail-
able for consumptive usc is termed irrigation effici-
ency and caters for all thc unavoldable losscs, 1t
could be improved uponbexpericnco or through the re-
gults of study of mcthod for cvalugcting irrigntion
system on the arca. Of the different systcm, sprink-
ler systems appears theoretically to glve the highest
efficiency .- Agricultural Handbook No.82 (1956).

For the site conditions on the banks of River
Kubanni the irrigation cfficiency moy be put at 70%.
The irrigation reaquirement works out approximately to
be 0.3 inch pcer day cor 6,800 gallons por acre per day.
7.5 Commandable area

Using tho operationnl yield from the 20 x 20 x 2
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feet 'pond' and (tlic lrrigatiou ruyuirement of 6800
gallons por day per acre, bthe total srea that can be
commonded works out to he 2 acres pecr pond.

At the prcesent o farmer hardly get cnough woter
to manage % acre throughout the dry scason. With this
development hce can incrcase his farms copacity at least
8 folds. The benefit to cost ratic of the scheme as
shown in Appendix III works out to be 4.19:1. This
doce not include other indirect bencfits such as greater
employment opportunity, improved health, and increased
national income.

The total irrignblc arca as shown in Map II works
out to ho 1,040 acrcs., Only 251 acres could be irri-
gated using 'ponds' if these were spaced at approxi-
mately 600 fcot apart.

7.6 Cropping pattcrn

Continuous cropping of the same crop patiern on
the land is undesirablce ag this will encourgge o build-
up of nematodes in the soil which limits crop produc-
tion or the yield may even be nil aficr some ycars -

Quinn (1969). The following cropping pattecrn is
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therefore suggested.
TABLE XV

Cropping pattern

e 8

! [ 4 Y
i Period i Crop - Source of water !
o - L 1

1 ¥ L] ]
1 I ] 1
E OCT .~JAN i Onion ! Underground :
' (]

1 i 1 ) |
i FEB.-APRIL E Tomato | Underground !
] 1 L
1 L1 ] i
E MAY - OCT. E Sorghum | Rain }
il L

i L

From year to year wheat may be introduced on one
acre in rotation during the period of October to
February. Cotton may also be introduced as a supple-

mentary crop.
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PART VIII

CONCLUSION
8.1 Summary
(1) It has been shown in the groundwater contour map
that the aquifer is vast and the groundwater exists in
gradient form and its direction of greatest declivity
is towards the river course which locates the best
yielding well sites in the basin.,
(ii) It has been assessed that the yvield from each
emall scale excavation lined with sorghum stalks in the
river bed is just sufficient for a smell scale irriga-
tion project with an area of 2 acres.
(1ii) It was ascertained that both the land and wnter
can be classed as suitable for irrigation.
(iv) It is evident from the annlysis of the water
lifting devices that the centrifugal pump is the most
suitable as it is easily adaptable for most irrigation
needs viz. using it directly to feed sprinklers or
furrows as it is capable of maintaining a constant dis-

charge.
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(v) A ratio of benefit to cost of 4:41 indicates that
the project is economically desirable and should con-
mence.

(vi) However, the activities of the Agricultural De-
partment and the Health and Social Welfare Department
will have to be co-ordinated in the irrigation project

area, to enable scientific growth of planned cropping

and the development of the cultural, economic and health

aspect of the community.

It is not suggested that groundwater shoudd sup-
plant the water from surfoce storage for irrigetion.
Nevertheless, it docs appear that the pgroundwater can
be used not only to supplement but also to complement
the rainfed crop schemes,

Experience over a number of yenrs has shown that
in most parts of Northern ligerin thnat there are few
potential dam sites . since the river and
stream valleys arc wide and the area todepth = ratio of
the reservoirs is too large from an economic point of
view. Evaporation and seepage losses may be as much as

6 feet per year most of this loss oceurring during the
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dry season since the evagporation mate isg adequotely
maintained during the rainy season. Az example of such
a dam is the Samara Dam which has & surface pond ares

of Iy geres and from which almost 150 mcre-feet of water
is lost per year by evaporation. 1In fnct, for the past
5 years it has not been possible to irrigate more than

5 acros per year using the dom-Kowal (1969).

The advantage of this small groundwater irrigation
scheme 1s thnt o small capital investment can he used
to Implement it ond will give the immediate relief to
the pressing problems of the local formers.

8.2 Finaneing the project

As all local farmers would benefit from the avﬁilu
ability and development of groundwater, it is hoped
that they would support plans to develop a sound ground-
water supply. The feasibility of any groundwater
development is contingent upon itwo major factors namely:
{1) physical feasibility and
{(i1) economic feasibility

In short money must be made available by the loesl

farmers either individually or as a group .in the form of
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a co-operative society, or thivugis o state govermment
subsidy to invest on thc groundwater resources
development. Investment loans on such o projcct would
almost certainly yicld a good return.

8.3 Suggestions

(1) The present study merely concerned itself with
tapping the groundwater from o little below the water-
table depth. In many areas in Northern Migeria having
no percnial streams therc are wide river beds with con-
giderable depths of sand which hold limited amounts of
water replenished mostly by floods,ef various intensity
during the rainy season and groundwater seepage in the
dry season. The storage capacity of the sand bed can
be improved upon by building 2 low resistance, modified
homogeneous earthen dam or a hydraulic dam across the
river thereby allowing thc last of the floods to perco-
late into the river bed materianl. Only a small amount
of the water will be lost to the atmosphere by evapora-
tion as the cappillary rise in coarse sand does not ex-

ceed a few inches. Observations revesled that in the
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Kubanni river bed it varies bebwueen 6 bu 10 inches
throughout the dry season, The improvement of the
storage of water in such river beds could be of excep-
tional value and o grcat opportunity for water conser-
vation practice.
(ii) To derive a better yield from wells the entire
groundwater basin should be explorcd to determins
the various factors in the groundwater equate which
is merely that of the hydrologic equilibruim and may
be simply put as:

at+b+erdte+f = a++b1+c1+d1+e*+f1 veons8.14
where a is surface inflow

b is subsurface inflow

¢ is precipitation

d is imported water

e is decrease in surface storage

f is decrease in groundwater storage

a., is surface outflow

b1 is subsurface outflow

4 is consumptive use

d¢ is exported water
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¢, 18 increcase in suriace suvorage
£, is incrcose in groundwatcr storage

The equation involvec many Tactors which cannot
be evaluantcd directly and thet makes its solution
impossible without making some assumptions which may
be incorrect or inaccurate. The techniques applied
for its solution thus mainly hinge on the scientific
study of the basin characteristies (both hydrologic
and geologic) and the periods for balance in order to
reduce the number of unknowns in the eaquation to as few
as possible. Usually it take many years of careful
study to reach a reliable concluaion,

In the final analysis we may discover that the
gain in groundwater storage which 1is the amount that can
be abstrocted without 'mining' the groundwater is appro-
ximately I percent of the average annual rainfall. In
this catchment basin the amount is almost 2 inches of
rainfall over the whole catchment surfacce drainage areae.
It is only practically possible to withdraw a part of
this amount ucing tube wells or collector wells of some

15-20 Teet diamcter with infiltration gelleries most of
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which must be in thc¢ upstream Giscetion of the river
coursc.

The financial aspects of such ventures arc defi-
nitely be;ond the financial resources of the loeal
farmers. It is thereforc suggested that the state
government should takc up this work and the farmers
can then poy back over a period of some years (say
LO years) on no profit and no loss basis. Until then
the formers would hove no altcrnative than to depend
on the shallow excavation in the dry river bed, the
woter yield of which ic Just sufficient for 251 acres
out of the 1020 necres adjudged suitable for irrigation

on the plateau strip of the catchment basin,






